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The effect of exogenous angiotensin on superficial and deep
glomeruli in the rat. The effect of exogenous angiotensin on the
glomerular capillaries was studied with the help of the scanning
electron microscope. This technique is well suited because it
shows the glomerular floculus in three dimensions thanks to its
considerable depth of field and its great range of enlargement and
good resolution (150 A). The in vivo method of fixation allows
the preservation of any morphological changes which may occur.
Angiotensin administered via a peripheral vein for 30 or 60
minutes produced vasoeonstrietion of the glomerular capillaries
in the superficial glomeruli and distinct changes in the epithelial
cells. These changes were already apparent after nonpressor
doses of the hormone and were proportional to the injected
dose. On the contrary, no changes were noted in the morphology
of the juxtamedullary glomeruli, with the exception that a signif-
icant increase was noted in their volume. These changes brought
about by the administration of angiotensin are thought to be
specific because they were completely blocked by anti-angio-
tensin plasma and because pretreatment with the alpha blocker,
phentolamine (Regitin®), failed to prevent them. They were
completely reversible in 24 hours. The results give the morpholog-
ical counterpart of the influence of angiotensin on the glomer-
ular capillaries and are in keeping with a redistribution of the
cortical renal blood flow.
Etude en microscopie électronique a balayage de l'action de
l'angiotensine exogene sur les glomérules superficiels et profonds
du rein de rat. L'action de l'angiotensine exogêne sur les capillaires
glomérulaires a été observee a l'aide du microscope électronique
a balayage. La profondeur de champ de cet appareil permet
d'obtenir une image en trois dimensions du floculus tandis que
son haut pouvoir séparateur (150 A) autorise des grossissements
atteignant 10,000. La fixation in vivo, par perfusion alors que
l'animal est maintenu dans des conditions expérimentales
définies, diminue le risque d'artéfact, ce que suggére la repro-
ductibilité des images. Les modifications morphologiques ob-
servées sont done vraisemblablement en rapport avec des change-
ments physiologiques. L'angiotensine est administrée par voie
veineuse pendant 30 a 60 minutes a des doses comprises entre
5 pg et 100 ng/l00 g/mn. Les anses capillaires des glomérules
superficiels sont rétractées et leur revétement épithélial devient
homogéne, les limites cellulaires pouvant méme être complete-
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ment effacées. Toutes ces modifications sont proportionnelles a
la dose, sans toutefois que la réponse pressive ne constitue un
seuil. Dans les glomérules juxtamédullaires, aucun changement
n'est apparu, a l'exception d'une légére augmentation de leur
diametre majeur. Non modifiee par Ia pentolamine (Régitine®),
l'action de l'angiotensine est supprimée par le plasma antiangio-
tensine, ce qui contribue a la spécificité des observations. Enfin,
Ia réversibilité partielle en une heure, totale en 24 heures est a
noter. Ces images constituent une contre partie morphologique
aux effets hémodynamiques rénaux de l'angiotensine exogéne.
Ils sont en accord avee l'hypothése d'une redistribution du flux
cortical entre les territoires superficiels et profonds.
The effect of exogenous angiotensin upon the vascular
tuft of kidney glomeruli is still controversial. The main
point of disagreement concerns the intrarenal distribution
of blood [1—4] associated with the well-known reduction
of renal blood flow [5—8]. There are many difficulties that
impede a physiological approach to this problem. Thus,
most of the methods used so far have been more or less
indirect. We felt that scanning electron microscopy could
provide additional morphological data which might throw
new light upon this problem.
Indeed, the scanning electron microscope enables one
to visualize the glomerular tufts in three dimensions for
the first time due to its considerable depth of field and
great range of enlargement. Previous publications confirm
the possibility of obtaining reproducible figures of the
glomeruli [9—12] as well as tubular cells [13]. The in vivo
method of fixation utilized in the present study allows
modifications induced in different physiological situations
to be preserved [14, 15].
As shown in this paper, by employing the technique of
scanning electron microscopy, it was possible to disclose
morphological changes in the capillary network and
podocytes of the superficial glomeruli during an intra-
venous infusion of angiotensin. The changes which occur-
red in the juxtamedullary glomeruli were entirely different.
A preliminary report of this investigation has been pre-
viously published [14].
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Methods
Male Sprague-Dawley rats (Charles River, France)
weighing 170 to 220 g and fasted 16 to 18 hr were used in
this study. They were anesthetized with sodium pento-
barbital (Nembutal, Abbott) and underwent tracheostomy.
The mean arterial pressure was recorded by means of an
indwelling polyethylene catheter inserted into the femoral
artery and connected to a strain-gauge manometer
(Telco M 52). A loose ligature was positioned around the
aorta above the renal arteries, ready for rapid occlusion
at the moment of fixation of the kidneys. All infusions
were administered in the tail vein.
Control rats (Group 1). Fifteen rats were used in the
control experiments. Ten of the animals received an intra-
venous infusion of 0.9% NaCl for 30mm at a rate of
24 !il/min; five received no infusion. The experiments
were terminated by in vivo fixation of the kidneys.
Exogenous angiotensin administration (Group 2). Nine-
teen rats received an intravenous infusion of a saline
solution containing valyl-5-angiotensin-Il amide (Hyper-
tensin, Ciba) in the following doses:
100 ng/100 g/min for 60 mm (3 rats)
50 ng/100 g/min for 30 mm (6 rats)
5 ng/100 g/min for 30 mm (5 rats)
1 ng/100 g/min for 30 mm (3 rats)
50 pg/100 g/min for 30 mm (2 rats)
The rate of infusion was 20 to 30 .tl/min. The mean arterial
pressure was measured during the infusion.
Anti-angiotensin plasma administration (Group 3). Anti-
angiotensin plasma (AAP) was prepared by immunization
of rabbits with valyl-5-angiotensinamide linked covalently
to pig gamma-globulin prepared by carbodiimide conden-
sation according to the method of Goodfriend, Ball and
Farley [16]. The antibody activity of the AAP was inves-
tigated in vitro by the radioimmunological procedure of
Boyd, Landon and Peart [17]. The in vivo experiments
were performed on a rat blood pressure preparation by
the estimation of the inhibitory effect of AAP on the
pressor response to synthetic angiotensin. A dose of
0.5 ml AAP suppressed the blood pressure response to a
dose of bOng of synthetic angiotensin; for a dose of
250 ng, the response was reduced to 5 to 10 mm Hg.
A dose of 0.6 ml of AAP was given intravenously to
five rats. After a period of ten mm, four of them received
valyl-5-angiotensin-II amide in saline solution at a rate
of 5 ng/lOO g/min for 30 mm. The effect of AAP alone
was studied in the fifth rat. The efficacy of the angiotensin
used was verified in two additional rats.
Alpha blocker (phentolamine mesylate) administration
(Group 4). In a group of four rats, phentolamine mesylate
(Regitine®, Ciba) was administered intravenously at a
rate of 15 jig/mm for 30 mm before and for a further
30 mm simultaneously with 5 ng/100 g/min of angiotensin.
The effect of Regitine® alone in the same dose was studied
in two animals.
Method of fixation of the kidneys. The kidneys were
fixed in vivo by the intra-aortic perfusion of 2.5% glutaral-
dehyde in 0.1 NI phosphate buffer of pH 7.0 for five to
eight mm at a pressure corresponding to the mean arterial
pressure. The left kidney was excised and immediately
cut by means of a razor blade into one mm slices. These
were then fixed by immersion in the same solution for
two to four days and subsequently post-fixed mn a 1 % solu-
tion of phosphotungstic acid in 1 N HC1 for one hr.
Dehydration in a series of graded alcohols, drying in a
vacuum and coating of the surface with gold and palladium
completed the procedure [13]. A scanning electron micro-
scope, Stereoscan Cambridge 961/3, was used to study
the preparations.
Results
Scanning electron microscopy of the normal glomerulus
(15 animals, 200 glomeruli examined). With the scanning
electron microscope it was possible to distinguish between
the superficial and deep glomeruli. Only those situated
at the corticomedullary junction were considered to be
juxtamedullary glomeruli. The appearance of the super-
ficial glomeruli corresponded to the description given by
Fujita, Tokunaga and Miyoshi [11] and Arakawa [12].
The capillary loops appeared full and their surfaces were
completely covered by the epithelial cells and their proces-
ses of first, second and third order as well as by their
terminal lateral processes. These lateral processes are
known in electron microscopy as the pedicels. They were
interdigitated in such a manner that two neighboring
pedicels always came from different podocytes (Figs. 1
and 2).
The proportion of juxtamedullary glomeruli to super-
ficial glomeruli varied insignificantly in the control and
experimental groups (6 to 9 %). The mean value was 7.4%.
This number is close to the 6% reported by Baines and
de Rouffignac [181. The juxtamedullary glomeruli were
a little more voluminous than the superficial glomeruli.
The mean difference in size in the group of control rats
was 19%. Otherwise, their morphology was identical with
those situated in the outer cortex (Fig. 3).
Modifications produced by angiotensin (pressor doses
of 50 and 100 ng/100 g/min). Nine rats were used in this
phase of the study. A total of 180 glomeruli were examined,
6% of which were juxtamedullary in type. The mean
arterial pressure rose from 113 mm Hg SD 10.3 to
165.7 mm Hg SD 6.5 and became stable during the first
three mm after starting the infusion. Considerable morpho-
logical modifications of the glomeruli appeared and these
differed according to whether the glomeruli were super-
ficial or deep.
The superficial glomeruli were identical in size to the
controls. In approximately 80% of these glomeruli the
capillary ioops were constricted, sometimes to the point
that they were thread-like in appearance. The capillary
loops were more sinuous and sometimes appeared twisted.
Fig. 1. Superficial glomerulus of a control rat. The glomerulus is devoid of Bowman's capsule. The capillary loops are regularly filled.
Their surface is completely covered by the epithelial cells and their cytoplasmic processes 0< 1,300).
Fig. 2. Superficial glomerulus of a control rat demonstrating a portion of a capillary loop covered by epithelial cells and their processes.
Note the interdigitation of the pedicels arising from different cells (6,600),
Fig. 3. Juxtwnedul/aryglomerulus of a control rat. The morphology of the capillaries and epithelial cells 'snot different from the super-
ficial glomeruli (x 1,000).
Fig. 4. Superficial glomerulus after infusion of a pressor dose of angiotensin (50 ng/100 g/min). The capillaries are constricted and the
glomerular loops are more sinuous and spiral. The morphology of the epithelial cells is distinctly changed (x 1,300).
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Fig. 5. Superficial glomerulus after infusion of a non-pressor dose of angiotensin (1 ng/100 g/min). The cytoplasmic processes of the
epithelial cells are fused and the glomerular capillaries are contracted and have a twisted appearance (x 2,600).
The bodies of the epithelial cells were granulated and
cytoplasmic processes of the first order were swollen
so that it was difficult to distinguish between them. The
secondary and tertiary processes, instead of forming
pedicels, were often completely fused to form a homo-
geneous mass. Intermittently, the secondary and tertiary
processes were furrowed by a few striae where the inter-
digital spaces had been (Figs. 4 and 5). In approximately
20% of the glomeruli, the capillary loops were open and
patent resembling glomeruli from control animals with
only an occasional flattened segment. Otherwise, the
modifications of the epithelial cells were identical with
those described in the preceding group. A few glomeruli
appeared normal. In spite of their small number, they
contributed to the heterogeneity of the preparation.
The size of the juxtamedullary glomeruli was increased
in comparison with the superficial glomeruli in the same
preparation and in comparison with the juxtamedullary
glomeruli in the control animals (Table 1). Only one of
these glomeruli demonstrated the constriction that was
present in the superficial glomeruli. The podocytes had
the same appearance as in the control rats. In only three
of 12 glomeruli could we distinguish modifications of the
Table 1. Comparison of the mean glomerular diametera of
superficial and juxtamedullary glomeruli in different experi-
mental groups
Treatment Number of
glomeruli
Mean
glomerular
diameter, p
Super-
ficial
glomeruli
I. Controls
2. Angiotensin
non-pressor doses
27
18
94.88± 2.15°
94.44± 1.83°
3. Angiotensin
pressor doses
22 9l.22±2.38
Juxta-
medullary
glomeruli
la. Controls
2a. Angiotensin
non-pressor doses
15
9
112.18±4.84°
118.77± 3.97°
3a. Angiotensin
pressor doses
15 147.0
Student's test: 1:la, P<0.0l; la:2a, NS; 2:2a, F<0.0l;
la:3a, P<0.01; 3:3a, F<0.01; 2a:3a, P<0.05.
a largest diameter of glomeruli seen io entirety.
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Fig. 6. Juxtamedullary glomerulus after infusion of a pressor dose of angiotensin (50 ng/100 g/min). The morphology of the glomerular
capillaries and the epithelial cells corresponds entirely to their appearance in the control group (x 2,600).
pedicels including reduction in the width of the interdigital
spaces and closer alignment. Complete fusion of the
pedicels as observed in the outer zone of the cortex was
never noted (Fig. 6).
Non-pressor doses of angiotensin (5 ng, 1 ng and 50 pg/
100 g/min). Ten rats were used in this phase of the study.
A total of 150 glomeruli were examined, 6.6% of which
were juxtamedullary. A dose of 5 ng/lOO g/min of angio-
tensin altered the morphology of the superficial and deep
glomeruli in the same way as did the larger pressor doses.
With a smaller dose of 1 ng/100 g/min, there was an
increase in the number of glomeruli in the superficial
cortex with only focal alterations. There was also an
increase in the number of intact glomeruli. The resemblance
of the juxtamedullary glomeruli to those of the pressor-
dose group was evident. With the minute dose of 50 pg/
100 g/min, there were few morphological differences be-
tween this group and the controls. Only a few superficial
glomeruli had flattened capillary loops with focal squeezing
of the pedicels; however, the bodies of the podocytes were
swollen and more globular than in the controls.
Influence of anti-angiotensin plasma (AAP). Five rats
were used in these experiments. A total of 100 glomeruli
were examined, 8 % of which were juxtamedullary. When
5 ng/100 g/min of angiotensin was infused ten mm after
the intravenous administration of AAP, no glomerular
modifications were observed. AAP administered alone did
not induce any morphological changes.
Influence of the alpha blocker, phentolamine mesylate.
Five rats were used in this phase of the study. A total of
80 glomeruli were examined. The morphologic effect of
exogenous angiotensin was not diminished in four rats
by the administration of phentolamine mesylate. The
same dose of 15 jig/mm/rat completely blocked the pressor
response to noradrenaline (150 ng/min intravenously)
which reached 182 SD 18 mm Hg. Regitine perfused
separately did not influence the glomerular morphology
in two rats.
Reversibility of the changes. Ten rats were used in these
experiments. A total of 150 glomeruli were examined. The
glomerular morphology in the kidneys fixed 24 hr after
angiotensin infusion (50 ng/100 g/min, two rats; 5 ng/
100 g/min, three rats) corresponded to that of the control
animals. When kidneys were fixed one hr after termina-
tion of the angiotensin infusion (50 ng/lOO g/min, two
rats; 5 ng/100 g/min, three rats) certain of the morphological
alterations were undergoing reversal. The capillary loops
were normal in appearance and the detailed structure of
the podocytes and their cytoplasmic processes could
already be distinguished. Fusion of the pedicels was limited
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to only a few capillary loops. Thus, the effects of exogenous
angiotensin were transient and reversible.
Proteinuria after pressor and non-pressor doses. Ten
rats were used in this phase of the study. Five animals
received 50 ng/100 g/min and five received 5 ng/100 g/min
of angiotensin. Using a semiquantitative method (Al-
bustix®, Ames), it was observed that the administration
of angiotensin produced massive proteinuria (+ + +) in
all but one rat that was examined. Even when a non-
pressor dose was given, the proteinuria persisted for one hr
after the infusion but was not detectable 24 hr later (four
rats).
Discussion
The validity of our results is supported by the following
points. First, the average (largest) diameter of the super-
ficial glomeruli was 94.88 5EM 2.15 jt. This value is in
agreement with the results of Baines and de Rouffignac [18]
obtained by a different method of tissue preservation.
Thus, it appears that the method of dehydration and des-
sication employed in the present study did not cause
shrinkage of the tissue to a greater degree than that
encountered with other methods of tissue preservation.
Secondly, the consistency of the findings in the large
number of glomeruli examined in the control and experi-
mental animals tends to exclude the possibility that the
findings represent artefact or errors in interpretation.
Thirdly, the homogeneity of the morphological findings
in the superficial and deep glomeruli in the control animals,
as opposed to their heterogeneity after the administration
of angiotensin in the experimental rats, supports the
validity of the observations. Fourth, the validity of the
observations is also supported by the rapid reversibility
of all morphological changes that were observed. Fifth,
the quantitative relationship between the dose administered
and the response obtained after 50 pg, I ng and 5 ng/
100 g/min is significant. The maximum effect was obtained
with doses of 5 ng/100 g/min. This suggested saturation
of the receptor sites. Finally, the specificity of the action
of angiotensin, as shown by the experiments with AAP
and Regitine, was highly significant. After the administra-
tion of AAP, angiotensin failed to induce morphological
changes while pretreatment with Regitine did not prevent
them. En control experiments the same dose of phentol-
amine blocked the pressor response to noradrenaline
which suggests that the modifications in the glomerular
morphology were not mediated by catecholamines.
Analysis of the morphological modifications. The contrac-
tion of the glomerular capillaries was independent of the
pressor effect of angiotensin since it was evident with
non-pressor doses of the drug as well. There was a marked
variation in the intensity of the response in individual
glomeruli and in different capillary loops of the same
glomerulus even with intravenous infusions of angiotensin
for as long as 60 minutes. One explanation could be that
vasoconstriction of the afferent arterioles had occurred
thereby reducing the pressure and possibly the blood flow
through the capillary loops [19]. However, in a separate
series of experiments performed in our laboratory, the
reduction of the mean arterial blood pressure to 30 mm Hg
by bleeding failed to produce similar morphologic changes
in the glomeruli (unpublished observations). The diversity
of findings as well as the uneven constrictions and spiral
formations of the glomerular capillaries suggest that angio-
tensin exerted a direct effect on the glomerular capillaries.
The mechanism by which angiotensin produces contrac-
tion of the glomerular capillaries presents an interesting
problem. This hormone may act directly on the glomerular
capillaries or produce this effect by causing contraction of
the mesangium. The mesangial tissue supports the capillary
loops and does contain contractile fibrils [20]. The mesan-
gium unites the juxtaglomerular apparatus with the dif-
ferent lobuli of the glomerulus [21—27]. In addition, the
mesangial cells have cell processes that bulge into the
capillary lumina and can come into direct contact with
the blood [27—31]. Constriction may then be provoked
by the circulating substance.
The modifications in the epithelial cells of the super-
ficial glomeruli were dissociated from the collapse of the
underlying capillary loop and from the pressor response.
This suggested that these modifications were not related
to the vasomotor effect of angiotensin. On the other hand,
their relationship to the proteinuria was quite evident. Both
of these phenomena have been shown to disappear after
the administration of renin [32]. Similar changes have
been reported by electron microscopy in a variety of
experimental and human renal diseases associated with
proteinuria. Using scanning electron microscopy, Arakawa
described identical morphological changes in rats with
aminonucleoside nephrosis [12]. Although the term "fusion"
has been used to describe the changes in the pedicels
associated with proteinuria, it should be emphasized that
no direct evidence is currently available to support the
concept that one cell has actually fused with another cell
as implied. Scanning electron microscopy only provides a
view of the surface of cells. Transmission electron micro-
scopy is needed to help clarify this point.
The different response of the superficial and juxtamedul-
lary glomeruli to the administration of angiotensin was
clearly demonstrated. The enlargement of the juxtamedul-
lary glomeruli contrasted with the retraction of the glomer-
ular capillaries in the outer zone of the cortex. The effect
of angiotensin on the redistribution of blood in the kidneys
has already been studied by the use of 85Kr and autoradio-
graphy by Carriere and Friborg [3]. Their results demon-
strated a redistribution of the cortical blood flow in favor
of the inner zone and an associated reduction of medullary
flow. The authors concluded that this redistribution of
renal blood flow was due to constriction of the efferent
arterioles of the juxtamedullary glomeruli. This mechanism
may well explain the increase in the volume of the deep
glomeruli observed in our study.
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